Thank you for submitting your manuscript for consideration by The EMBO Journal. Let me first of all apologise for the exceptionally long delay in getting back to you with a decision. Unfortunately, the referees experienced severe difficulties getting their reports to us as quickly as initially expected; and, in fact, despite multiple reminders, one of the referees still has not sent us his/her report. I am therefore taking a preliminary decision on your manuscript now, based on the two enclosed reports, in order to save you from yet further unnecessary loss of time. This decision is still subject to change should the third referee offer strong and convincing reasons for doing so.
Your manuscript has now been seen by two referees whose comments to the authors are shown below. As you will see while both referees consider the study as interesting and potentially significant they both raise major concerns regarding the strength and conclusiveness of part of the data that would preclude publication here at the present stage of analysis. In particular, it is clear that a number of important controls are missing at present and that the outcome of the required additional experiment cannot be predicted at this time. Still, given the interest expressed by the referees in principle we would not exclude the possibility to consider a new, significantly improved version of the manuscript if you can address the referees' concerns in an adequate manner and to their full satisfaction and if your conclusions still prove to be valid after revision.
I would therefore suggest at this point to start revising the paper along the lines suggested by the reviewers, and to also include satisfactory answers to any criticisms that might be raised in the third report, which we will forward to you as soon as we receive it.
I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript as well as on the final assessment by the referees. When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, Editor
The EMBO Journal
REFEREE REPORTS ------------------------------------------------
Referee #1 (Remarks to the Author):
In the current study Tanaka et al. link the histone demethylase, KDM2A to rRNA transcription. Using IF and ChIP the authors show that KDM2A localizes to the nucleoli and binds the rDNA gene region. Overexpression of wt-KDM2A, but not the demethylase-deficient mutant, is shown to reduce pre-rRNA levels. Furthermore knockdown of KDM2A is found to increase the levels of prerRNA expression primarily under starving conditions. The authors show that starvation is accompanied by a decrease in H3K36me2/me1 at the rDNA promoter, and that depletion of KDM2A increases the H3K36me2/me1 levels under both starving and non-starving conditions. Tanaka et al. further report that treatment with the non-specific JmjC-inhibitor dimethyl succinate can prevent the reduction of ribosomal RNA transcription in response to starvation.
The cellular roles of KDM2A are still incompletely understood. In the current study, convincing data are presented suggesting that KDM2A regulate rRNA expression especially under starving conditions. However, some key issues should be addressed.
Other comments: 1.
rRNA synthesis is critically linked to cellular proliferation and transformation. Does knockdown/overexpression of KDM2A affect cell growth? 2.
As it previously has been reported that KDM2B is a nucleolar protein that repress transcription of rRNA genes, the authors should investigate the role of KDM2B in their experimental system -recruitment to the rRNA promoter and effects of over-expression/knockdown. 3.
Only one siRNA sequence was used to investigate the effect of KDM2A knockdown. It would be appropriate to show that similar effects -at least on transcription -can be obtained with another siRNA targeting KDM2A or to present data from rescue experiments with a siRNA resistant KDM2A.
4.
Is recruitment of KDM2A to the nucleoli dependent on the CXXC domain as reported for KDM2B (Frescas et al. 2007 )? 5.
In fig. 2 the authors show that KDM2A bind throughout the rRNA repeating unit. In fig. 5 and 6 only ChIP data for the promoter region is presented. How does starvation and KDM2A knockdown affect H3K36 methylation levels at other regions of the rDNA gene region? Moreover, please present experiments at %bound/input (or at least show these number in supplementary information). Please include IgG as a negative control ChIP. Moreover, it is not clear how the authors control the specificity of the H3K36me2/me1 antibodies? The antibodies are not known by the manufactures to work in ChIP assays. The authors should also indicate in materials and methods, which antibodies they use. The name of the supplier is not sufficient. 6.
For the ChIP experiment shown in fig. 2C , the authors should include a primerset for a genomic region not bound by KDM2A to show the background level obtained with the antibody in that ChIP experiment. Moreover a negative control antibody, such as IgG should be used.
7.
In fig. 3A is the decrease observed with the H212A mutant significant? Are the levels of H212A and WT KDM2A expressed equal? Please show western blots. 8.
For the ChIP experiments presented in fig. 6 (single experiments, no mean or standard deviations) results should be shown as percentage of input or percentage of H3 instead of fold change. The authors should also show the levels of KDM2A after knockdown in the presented experiments. 9.
In fig. 1B and 1C the position of bands in a protein marker with defined molecular should be indicated. Moreover it would be nice to see that a siRNA to KDM2A can knockdown the expression of SF-KDM2A. 10.
The authors claim that KDM2A demethylates H3K36me1 in vivo (p. 11, 13, 16), however they "only" show a correlation, and they should therefore soften their claim.
Referee #2 (Remarks to the Author):
The manuscript by Tanaka et al. 'JmjC enzyme KDM2A is a regulator of rRNA transcription in response to starvation' analyzes the biological function of the H3K36me2 demethylase KDM2A. The authors show that KDM2A is expressed in two isoforms of different length of which only the longer one contains the JmjC domain required for demthylation. Tanaka and his colleagues demonstrate that the protein encoded by this isoform is localized in nucleoli. They further show that KDM2A binds to the promoter, transcribed, and untranscribed regions of the ribosomal DNA. The authors claim that KDM2A represses the transcription of pre-rRNA by demethylation of H3K36me1 and me2. Starvation enhances the repressive effect of KDM2A. The regulation of transcription by modification of histones has become of very intense interest in recent years. In principle Tanaka et al. add a very interesting part by analyzing the biological function of KDM2A. The authors fail to provide solid data for a direct link between starvation, KDM2A function and pre-rRNA transcription, though. In addition many controls are lacking and the experimental outcome is sometimes inconsistent (see remarks below). Please always mention how many times ChiPs and Q-PCRs were repeated in independent experiments. Please indicate the statistical significance for the experiments depicted in figures 2C, 3A, C, 4A, 6A and describe the algorithm used for all calculations.
Remarks in detail:
It is surprising that KDM2A also occupies the untranscribed region H27. Please include an unspecific IgG control and an H3 antibody in the ChIPs depicted in figure 1C . Please also use an unrelated region of the genome not known to be localized in nucleoli. Both additions would allow the reader to judge the quality of the antibody used for the immunoprecipitation. To be able to evaluate the alteration of pre-rRNA expression in relation to KDM2A it would be essential to include the statistical significance. Please also add a control that reveals the actual amount of transfected protein (not RNA) in relation to endogenous KDM2A for figure A and C. Please explain, why the enzymatic inactive mutant H212A is able to reduce pre-rRNA expression as depicted in figure A. It is surprising that the fluoridine incorporation assay does not reveal an effect of the mutant. Please see also the comment on the determination of demethylase activity for figure S2. Figures 4A and 6A show that endogenous expression of KDM2A is repressed by starvation and in contrast induced by treatment of starved cells with dimethyl succinate (DMS). Therefore the sentence beginning on page 9, line 3 in the manuscript is not wrong but misleading: 'Because DMS inhibited the demethylase activity of KDM2A ( Figure 4D ) but did not reduce the amount of KDM2A mRNA ( Figure 4A ), these ...'. Does DMS treatment also exhibit an effect on KDM2A expression if the cells are not starved? It is impossible to quantify the opposing effects (increase of KDM2A expression by DMS versus decrease of expression by starvation and reduction of enzymatic activity by DMS and starvation) with the assays chosen by the authors to unravel KDM2A function. In the left panel of figure 4D the authors show that ectopic expression of KDM2A either directly or indirectly reduces the global amount of H3K36me2 to an undetectable level in transfected cells. Please comment on the fact that a genome-wide erasure of this methyl mark exclusively represses pre-rRNA transcription although the transgenic protein is only detectable in nucleoli in one of the cells (see figure 3 ). figure 2C by ChIP separately in relation to the expression of pre-rRNA to be able to suggest a specific and convincing mechanism for KDM2A function in ribosome biogenesis. As mentioned above, please complete your study by the analysis of all regions described in figure 2C and an unregulated gene. Please include IgG and an antibody that specifically precipitates H3K36me3 and a H3K36 antibody independent of the methylation status as controls for the ChIPs. As mentioned above please indicate if the graphs depicted in figure 6A show significant changes. Please explain why the control siRNA for KDM2A diminishes the reduction of H3K36me1 and 2 by starvation shown in Figure 5A . Please explain why knockdown of KDM2A hardly has any effect on the transcription of pre-rRNA in figure 7A . It is very different from the obvious increase in pre-rRNA transcription depicted in figure 6B. Demethylase activity of full length and SF KDM2A as well as the H212A mutant is tested globally in transient transfections and immunohistochemitry using a H3K36me2 antibody. This is not the appropriate method for the analysis of a direct demethylase activity. First of all KDM2A could just recruit a demethylase and secondly not all cells transfected with wild-type KDM2A exhibit a reduced H3K36m2 level. A more direct test of the demethylase activity is the analysis of substrate by mass spectrometry after incubation with purified KDM2A.
Additional Correspondence 08 December 2009
Please find below the third report that we have received on your manuscript. As you can see also referee 3 considers the manuscript as interesting and puts forward a number of specific points that will need to be addressed adequately in the revised manuscript in addition to the issues brought up by the other two reviewers as detailed in my decision letter from 25th November 2009.
I am looking forward to your revision in due course.
Yours sincerely,
Editor
The EMBO Journal Referee #3 (Remarks to the Author) This is an interesting manuscript reporting the identification of the histone demethylase KDM2 as playing a role in regulating ribosomal DNA transcription. They identify two forms of KDM2 protein, one of which binds to ribosomal repeats. Over-expression represses rDNA transcription and the catalytically active enzyme appears to be involved in linking the response between starvation and reduced rDNA transcription. Consistently, some of the histone methylation modifications regulated by KDM2 are altered during starvation. Upon KDM2 knockdown, the starvation response is altered directly/indirectly implicating KDM2 in the regulation of nutrient-dependent ribosomal transcription. The manuscript fits well within a now established theme connecting changes in nutrient and metabolic conditions to the modification of chromatin structure and transcription, particularly at the ribosomal RNA gene loci.
There are, however, specific suggestions for experimental revision that would significantlyl strengthen this largely descriptive study. Further, some of the data could be moved to Supplementary Figures. The use of the scheme in Figure 7 appears premature; I don't find it very instructive or inspiring.
FIGURE 4D - Figure 4D should show a Hoechst/DAPI stain to detect cells/nuclei.
-Over-expression of Flag-tagged KDM2A leads to lower cellular levels of H3K36me2 (left panel). This is expected. Similarly, if DMS truly inhibits KDM2A, then DMS treatment would be expected to maintain or increase H3K36me2 levels in all cells. Why does KDM2A overexpression then lead to higher levels of H3K36me2 staining relative to surrounding nuclei (assuming there are other nuclei in the right panels of Figure 4D )? Please clarify this issue, resolve the misunderstanding or ambiguity or address this concern through further experimentation. We added the results of the new experiments to the revised version of the manuscript. The newly added figures are Figure S3 , S4, S5, S6, and S11, and the newly added table is Table S1 . Figure 7D was moved to the supplementary information as Figure S7 . Figures 1B and C, 2C , 3A and C, 4A and D, 6A, and S1 were improved, and our conclusions are more clearly stated in this new version.
Point-by-point replies to Referee #1 (Remarks to the Author):
Point 1 Point 1 Reply: We investigated the effect of KDM2A on the colony-forming activity of MCF-7 cells. Transfection of MCF-7 cells with a KDM2A-expressing vector carrying a puromycin-resistant gene greatly reduced the number of colonies produced in the presence of puromycin compared to transfection with the empty vector (Table S1 ). These results suggest that KDM2A has a negative effect on cell proliferation. To describe the effects of KDM2A overexpression on cell proliferation, we added Table S1 to the supplementary information and sentences to the text (Discussion section, p.21, line 7-11).
Point 2 Point 2 Reply: First, our study is focused on the role of KDM2A in rRNA gene regulation. The function of KDM2B in rRNA regulation is beyond the scope of our current study. Second, with regard to the previous publication implicating KDM2B in the repression of rRNA (Frescas et al. 2007, Nature 450, 309-313) , please refer to a subsequent study (He et al. 2008 , Nature SMB 1169-1175), which we regard as much more solid. Not only has the substrate specificity of the initial report by Frescas et al. been challenged, but the nucleolar localization of KDM2B was not observed. For these reasons, we prefer not to reanalyze the role of KDM2B in rDNA repression.
Point 3 Point 3 Reply: We investigated the effect of another siRNA targeting KDM2A on rDNA transcription and obtained similar results. To show the results, we added Figure S6 to the supplementary information, and described the results in the text (p. 11, line 4-7).
Point 4 Point 4 Reply: In a paper published in Nature (2007, 450; 309-313) , Frescas et al. reported that the nucleolar localization of KDM2B was dependent on its nucleolar localization signal (K930-R939), and that disruption of the CXXC domain (G605-C651) failed to prevent the localization of KDM2B to the nucleolus. We exogenously expressed KDM2A with disruption of the CXXC domain and found that the expressed protein was localized in nucleoli. These results suggest that nucleolar localization is not dependent on the CXXC domain for KDM2A. We show the results in the ëreferee-onlyí supplementary material. The molecular mechanisms by which KDM2A accumulates in nucleoli and binds to rDNA genes remain important issues to be resolved. In this paper, to explain this situation, we added sentences in discussion (p.13, line 20-23).
Point 5. Point 5-Reply 1: We added the catalogue numbers for the antibodies we purchased (p. 22, line 18 -p.23, line 7). The antibody to H3K36me1 was shown to work in ChIP assays by the manufacturer and was used by at least one research group (Barski et al. 2007, Cell 129, 823-837) . The specificity of the antiH3K36me2 antibody was indicated by the manufacturer (Cell signaling). As shown in Figure S11 , ChIP assays using the anti-H3K36me2 antibody (Cell Signaling) produced stronger signals than those using the antibody to H3K36me2 purchased from Millipore, which was shown to work in ChIP assays by the manufacturer. Therefore, we used the Cell signaling H3K36me2 antibody in this study. To show that the Cell signaling antibody for H3K36me2 works in ChIP, Figure S11 and several sentences were added to Materials and methods (p.23, line 6-10).
Point 5-Reply 2: To detect the specific binding, the values simultaneously obtained by using control antibody were subtracted from those using specific antibodies. Please refer to a new figure, Figure  S3 , which was produced in reply to Point 6. We improved the description of the methods to detect specific binding of proteins to genes in Materials and methods (p.26, line 6-12).
Point 5-Reply 3: The effects of starvation and DMS on H3K36 methylation levels at other regions of the rDNA in addition to the promoter region were investigated. Interestingly, in the other regions, starvation and DMS treatment did not significantly change the levels of H3K36me1/2. The levels of H3K36me3 marks did not change throughout all regions of rDNA during starvation and DMS treatment. These results suggest that there is a mechanism to transduce the starvation signal preferentially to a H3K36me1/2 demethylase located in the promoter region in rDNA. To show these results, Figure S5 was added, and the results were described in the text (p. 10, line 10-15). In this figure, the results were expressed as a % of specific binding/input normalized by H3. In Figure 5 , the results were expressed as fold changes to easily compare the effects of starvation and DMS between H3 methylations.
Point 5-Reply 4: As mentioned in Point 5-Reply 3, it was found that starvation and DMS specifically affected the H3K36me1/2 levels in the promoter region of rDNA. Therefore, the important issue here is whether KDM2A is involved in the reduction of H3K36me1/2 under starvation. Thus, we focused our study on H3K36me1/2 marks in the rDNA promoter region ( Figure  6A ). Importantly, the KDM2A knockdown inhibited the decrease of H3K36me1/2 levels during starvation, indicating the involvement of KDM2A in the reduction of the marks under starvation. To explain the results, we added the sentences to the text (p. 10, line 18 -p. 11, line 1). Because KDM2A also bound to other regions of rDNA besides the promoter region (Figure 2 C) , these results suggest that KDM2A may function during conditions other than starvation to affect the status of rDNA chromatin. Further studies are necessary to determine when KDM2A functions in the transcribed and untranscribed regions of rDNA. To explain this situation, we added the statement to the Discussion (p.13, line 13-19) Point 6 Point 6-Reply: We used a negative control antibody in this experiment. DNA precipitated by anti-KDM2A antibody was also analyzed using primer sets for the regions of the promoter and an exon in the TATA-binding-protein (TBP) gene. KDM2A binding to these regions was hardly detected. To show the specific binding of KDM2A on rDNA, a new figure, Figure S3 , was added, and the results are described (p. 7, line 6-8).
Point 7 Point 7-Reply: We repeated the experiments three times and provided statistics. In this revised version, we introduced plasmids using an electroporation method, which produced results with lower standard deviation values. The H212A mutant did not significantly decrease the pre-rRNA transcript in these experimental conditions. We described the results and methods of this experiment in the text (Results: p. 7, line 20-23; Materials and methods: p. 22, line 8-11) and improved Figure 3A and the legend (p. 29, lines 20ff) .
Point 8. Point 8-Reply: The rationale of this experiment was described in the reply for "Point 5". The results are expressed as a % of specific binding/input normalized by H3. We performed the experiments three times and show the standard deviations. The results of Western blotting were also added to the lower panel of Figure 6 (A) and described in the text (p. 10, line 18 ñ p.11, line 1; the figure legend, p. 32, line 17ff).
Point 9. Point 9-Reply: In Figures 1B and 1C , the positions of the bands for protein markers with defined molecular weights are indicated. We also added the positions to newly prepared results for Western blotting ( Figures 3A, 6A , S4A, and S6B). As shown in Figure S1 , when cells were transfected with a KDM2A#1 shRNA-expressing vector and subjected to Western blotting using the anti-pan-KDM2A antibody, it was found that the KDM2A#1 reduced the intensity of both bands for KDM2A and SF-KDM2A. These results indicate that the gene knockdown protocol using a sequence of KDM2A can also reduce the expression of SF-KDM2A, supporting our conclusion that KDM2A and SF-KDM2A share the same region of the human genome.
Point 10.
Point 10-Reply: We modified our expression there. p. 12, line 5 (p. 11 in the old version); p. 14, line 22 (p. 13 in the old version) "demethylates" to "reduced" p12, line 18-20 (p.11 in the old version): "H3K36me1 has not been identified as a substrate of KDM2A in vivo. Therefore, the result here is the first example of H3K36me1 being recognized as a substrate by KDM2A in vivo." to "While H3K36me1 has not been identified as a substrate of KDM2A in vivo, the result shown here is the first suggestion that the amount of H3K36me1 is also reduced by KDM2A in vivo." p.18, line 3 (p. 16 in the old version): "exerts demethylase activity for H3K36me1" to "reduces H3K36me1 marks" Point-by-point replies for Referee #2 (Remarks to the Author): We indicated the statistical significance for the experiments depicted in Figures 2C, 3A , C, 4A, and 6A and described the algorithm in Materials and methods. We used a negative control antibody in this experiment. Histone H3 was almost evenly distributed to all regions of rDNA genes. DNA precipitated by anti-KDM2A antibody was also analyzed using primer sets for the regions of the promoter and an exon in the TATA-binding-protein (TBP) gene. The binding of KDM2A to the TBP gene was hardly detected in these experimental conditions. To show the specific binding of KDM2A to rDNA genes, a new figure was added as Figure S3 , and the results are described (p. 6, line 23 -p. 7, line 11). We repeated the experiments three times and provided statistics. This time we introduced expression plasmids using an electroporation method, which produced results with lower standard deviation values. The H212A mutant did not decrease the pre-rRNA transcript significantly in these experimental conditions. We also showed the results of Western blotting to demonstrate that the comparable levels of the mutant and wild KDM2A were expressed in this experiment. We described the results and methods of this experiment in text (Results: p. 7, line 20-23; Materials and methods: p. 22, line 8-11) and improved Figure 3A and its legend (p. 29, lines 20ff).
Figure 4
Figure 4-Reply 1: As Referee #2 suggested in the comment for Figure 3 , determining the protein level of KDM2A in the indicated conditions is important to judge the effect of the protein. While KDM2A mRNA was reduced by starvation and increased by DMS under starvation, starvation and DMS hardly affected the amount of KDM2A protein. One possible explanation is that the protein is translated from mRNA, and there is a lag time for a change in the protein amount following the change in the mRNA amount. DMS treatment also did not increase the amount of KDM2A protein without starvation in these experimental conditions. To describe these results, we deleted the results of KDM2A mRNA detection ( Figure 4A ) and added the results of Western blotting to Figure S4A in the supplementary information. The results were mentioned in the text (p. 9, line 12-14).
Figure 4-Reply 2: Even in a cell very weakly expressing exogenous KDM2A, the KDM2A signal was higher in the nucleoplasm where H3K36me2 level was reduced, compared to the untransfected cells ( Figure 4D ). In this cell, H3K36me2 marks remained in peripheral parts that are far from nucleoli. These results suggest that exogenous KDM2A demethylates H3K36me2 in a concentration-dependent manner. Therefore, a little amount of exogenously-expressed KDM2A appears to demethylate a global amount of H3K36me2 in nuclei.
Figure 4-Reply 3: Exogenously-expressed KDM2A can decrease the H3K36me2 level in the entire region of the nuclei when H3K36me2 marks are detected under a microscope. However it can also preferentially repress pre-rRNA transcription (Figure 3 ). There are two possibilities to explain this phenomenon. In the first, the change of H3K36me2 marks affects transcription of only a limited number of genes. In general, changes of histone codes in promoter regions appear to affect transcription more effectively than those in transcribed regions. As described in Figure S4B , the level of H3K36me2 marks in the promoter region was lower than those in a transcribed region in the TBP gene. These results suggest that H3K36me2 marks may not have much significance in transcription in the TBP gene. On the contrary, the levels of H3K36me2 marks in the promoter region (H0) were similar to those in the transcribed regions (H1, H4, and H13) in rDNA. In addition, the amount of H3K36me2 in the rDNA promoter was higher than that in the TBP promoter ( Figures  S4B and S5 ). These results suggest that a demethylase for H3K36me2 may affect transcription of rDNA more strongly than transcription of TBP. Therefore, it is possible that a reduction of the H3K36me2 level in most genes in the nucleoplasm affects their transcription weakly, compared to that in rDNA. In the second possibility, H3K36me1 or H3K36me0 but not H3K36me2 may be a histone code for transcription control. KDM2A knockdown increased the levels of H3K36me1/2 marks in the rDNA promoter. On the contrary, overexpression of KDM2A reduced overall levels of H3K36me2 but not H3K36me1 in nuclei (Tsukada et al. 2006, Nature 439, 811-816) , suggesting that KDM2A has a specific mechanism to reduce the H3K36me1 level in rDNA but not in the other genes. The reduced H3K36me1 level or the increased H3K36me0 level may be related to reduction of transcription. The above two possibilities are not mutually exclusive. Determining the molecular mechanisms relating to the possibilities may lead to a better understanding of KDM2A specificity on rDNA. To describe the above possibilities, we added the sentences to the text (Discussion p.18, line 15 -p. 19, line 16). Figure S3 and Figure S11 . We described the method to detect the specific recovery by antibodies, which includes data on the control antibody. We analyzed the effects of starvation and DMS on the methylation status of H3K36 in all regions of rDNA and the promoter and coding regions of the TBP gene as standard controls. In the TBP gene, the levels of H3K36me1, H3K36me2, and H3K36me3 (H3K36me1/2/3) marks were higher in a transcribed region than in the promoter region. The levels of H3K36me1/2/3 in the TBP gene did not change in response to starvation and DMS. In rDNA, the levels of H3K36me1/2/3 in the transcribed regions (H1, H4, and H13) were not higher than those in the promoter region (H0). Interestingly, starvation and DMS did not significantly change the levels of H3K36me1/2/3 in the regions in transcribed and untranscribed regions (H1, H4, H13, and H27) of rDNA. These results together with the results shown in Figure 5 suggest that there is a mechanism to transduce the starvation signal specifically to a H3K36me1/2 demethylase located in the rDNA promoter region. The experiments performed on controlling KDM2A expression are shown in Figure 6 . To describe the above results, we added sentences to the text (p. 10, line 4-15) and new figures (Figures S4B and S5) to this new version. Biological significance of H3K36 methylations were discussed in the text (p. 16, line 5 -p. 19, line 16).
Figure 6
Figure 6-Reply 1: As described in the above section (Figure 5) , the results included data on control and anti-H3 antibodies. We performed all experiments three times and show the standard deviations and significant changes with p values. As mentioned in the reply for Figure 5 , it was found that starvation and DMS affected the H3K36me1/2 levels specifically in the promoter region of rDNA. Therefore, the important issue here is whether KDM2A is involved in the reduction of H3K36me1/2 in the rDNA promoter under starvation. We then focused our study on H3K36me1/2 marks in the rDNA promoter region ( Figure  6A ). Importantly, the KDM2A knockdown inhibited the decrease of H3K36me1/2 levels during starvation, indicating the involvement of KDM2A in the reduction of the marks under starvation. To explain the results, we added the sentences to the text (p. 10, line 18 -p.11, line 1). Because KDM2A also bound to other regions of rDNA (Figure 2 C) , these results suggest that KDM2A may function during conditions other than starvation to control the status of rDNA chromatin. Further studies are necessary to determine when KDM2A functions in the transcribed and untranscribed regions of rDNA chromatin. To explain this situation, we added the statement in Discussion (p.13, line 13-19). Figures 5A, S4B , and 6A, H3K36me1 levels were reduced to 60%, 65%, and 64%, respectively, and H3K36me2 levels were reduced to70%, 69%, 75%, respectively. Therefore, the values for the reduction by starvation are comparable to each other. Figures 6B and 7A , respectively. Therefore, two experiments showed a similar tendency. The difference may be due to a difference in the methods. In Figure 6B , the values were normalized by Polr2a, while in Figure 7B the values were normalized for cell count. The important point here is that KDM2A knockdown with starvation clearly increased the amount of pre-rRNA, as shown both in Figure 6B and Figure 7A . Figure S2 -Reply: We would agree with this referee if the enzymatic activity of KDM2A had never been analyzed. However, we would like to point out that using an unbiased approach, we had previously identified KDM2A as the first JmjC domain containing histone demethylase (Tsukada et al. 2006, Nature 439, 811-816) and extensively characterized the substrate specificity of the protein using three independent assays: 1) radioactive formaldehyde release assay, 2) Western blotting using methyl-lysine specific antibodies, and 3) mass spectrometry. Therefore, we do not think it is necessary to repeat the experiments.
Point-by-point replies for Referee #3 (Remarks to the Author) Reply 1: In Figure 4A , we replaced the results detecting KDM2A mRNA with the results detecting KDM2A protein, and moved the results to Figure S4A to the supplementary information. Figure 7C was also moved to the supplementary information as Figure S11 . Figure 4D -Reply: To detect cells/nuclei, images observed through a differential interference contrast (DIC) microscope were added ( Figure 4D ). In the presence of DMS in the old figure, there were no inter-phase cells without overexpression of KDM2A. In the new figures, several cells in inter-phase without overexpression of KDM2A are shown in one picture. As shown in the new figure, it was detected that KDM2A overexpression did not lead to higher levels of H3K36me2 staining relative to surrounding nuclei. To clearly explain the results, we replaced the pictures of Figure 4D with new ones and improved the legend for Figure 4D 
FIGURE 4D

